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- OPTICAL SEMICONDUCTOR DEVICE HAVING
SEMICONDUCTOR LASER AND
- PHOTODETECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an integrated Opuca]
semiconductor device used in optlcal fiber communica-
~tion or optical information processing.

2. Description of the Related Art

In optical fiber communication or optical information
processing, a light source such as a semiconductor laser
has been generally used. However, in order to establish
a desired information system, the phase and frequency
of light emitted from the semiconductor laser must be
controlled with hlgh precision. For this reason, an opti-

cal circuit is formed on a substrate by an optical wave-

- guide, and an optical signal must be processed, or a
- semiconductor optical waveguide and a photodetector
must be integrated. In addition, it has been known that
a photodiode 1s arranged at a position opposite to the
radiation direction of the semiconductor laser to control
or monitor the operation of the semiconductor laser. In
a conventional technique, a semiconductor laser and a
photodiode are independently provided, and they are
fixed on a base to be opposed to each other.

In recent years, an optical semiconductor device
integrated by forming a laser diode and a photodiode on
the same semiconductor substrate has been proposed to
obtain the most advanced functions, mass-production,
and low cost. The integrated optical semiconductor
device, as shown in FIG. 9, includes a semiconductor
laser and a photodiode formed on an insulating semi-
conductor substrate 25. The semiconductor laser con-
sists of an n-type InP clad layer 24, an InGaAsP active
Tayer 23, a p-type InP clad layer 22, a p-type InGaAsP
‘contact layer 21, a p-side electrode 20, and an n-side
electrode 26, and the photodiode consists of an In-
GaAsP layer 30 serving as an light absorption layer, an
n-type InP layer 31, a p-type InP layer 29, a p-type
InGaAsP contact layer 28, an n-side electrode 32, and a
p-side electrode 27. Since this photodiode is formed 1n
the same process as that of the semiconductor laser, the
composition of the photodiode 1s the same as that of the
~ semiconductor laser. A positive potential and a negative
_potential are applied to the n-side electrode 32 and the
p-side electrode 27 in the photodiode, respectively. For
‘operating the semiconductor laser, a positive potential
and a negative potential are applied to the p-side elec-

trode 20 and the n-side elecirode 26, respectively, to

inject carriers to the active layer 23. The semiconductor
laser and the photodiode are separated from each other
by a groove 33 formed by a dry etching technique such
~as RIE. The photodiode serving as a photodetector, as
described above, is made as follows. That is, the semi-
‘conductor layers for providing the semiconductor laser
are formed on the semiconductor substrate 23 and
etched down to the substrate 25 to form the groove 33.
‘A part of the semiconductor layers separated by the
groove 33 is then used as the photodiode. The photodi-
ode, therefore, has the same structure as that of the
semiconductor laser. In the semiconductor laser, the
multilayer film including the active layer 23 and the
clad layers is formed to provide a stripe-shaped struc-
ture, and a current blocking layer 1s grown on the sub-
strate at both sides of the stripe-shaped structure in
parellel with an optical axis. In order to provide the
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current blocking layer, after the multilayer film is pro-
vided, the stripe-shaped active region and the surface of
the photodiode are covered with an insulating film such
as an S10; film or an Si3N4 film. Thereafter, the multi-
layer film 1s selectively removed to expose the substrate
25. Semiconductor layers are grown on the exposed
semiconductor substrate 25 to form a current blocking
layer. Finally, the electrodes are provided to complete
the integrated semiconductor device. However, with
the above arrangement, since the absorption layer 30 of
the photodiode has the same composition as that of the

‘active layer 23 of the semiconductor laser, it has a small

absorption coefficient of the laser beam, and the photo-
diode having a desired sensitivity cannot be obtained. In
addition, since the thickness of the absorption layer 30
has the same thickness as that of the active layer 23, and
is thin i.e., about 0.1 um, it cannot sufficiently receive

. the laser beam emitted from the semiconductor laser.

Furthermore, since the insulating substrate 25§ 1s used,
the electrodes cannot easily provided because they must
be separately provided for elements on the substrate.
Therefore, with the above arrangement, an optical
semiconductor device having the most advanced func-
tions, mass production, low cost cannot be obtained.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide an improved optical semiconductor device
including a semiconductor laser and a phototransistor
which are integrated without using an insulating sub-
strate.

It 1s another object of the present invention to pro-
vide an optical semiconductor device including a pho-
totransistor having an improved light detection perfor-
mance.

It 1s still another object of the present invention to
provide an integrated optical semiconductor device
capable of providing a current blocking layer of a semi-
conductor laser and a phototransistor on the same sub-
strate by the same process.

According to an aspect of the present invention, there
is provided an optical semiconductor device, which
comprises a semiconductor substrate, a semiconductor
laser, provided on the semiconductor substrate, includ-
ing a stripe-shaped structure having an active layer, a
current blocking layer provided on the semiconductor
substrate so as to bury the semiconductor laser, a photo-
detector, provided on the semiconductor substrate,
having the same thickness and composition as those of
the current blocking layer, and a groove provided in the
semiconductor substrate to define an emitting end sur-
face of the semiconductor laser and a light detection
surface of the photodetector opposed to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel and distinctive features of the invention
are set forth in the claims appended to the present appli-
cation. The invention itself, however, together with
further objects and advantages thereof may best be
understood by reference to the following description
and accompanying drawings 1n which:

FIG. 1is a plan view showing an optical semiconduc-
tor device according to a first embodiment of the pres-
ent invention;

FIG. 2 is a sectional view showing the optical semi-
conductor device taken along a line I1—II in FIG. 1:
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FIG. 3 is a sectional view showing the optical semi-
conductor device taken along a line III—IiI in FIG. 1;

FIG. 4 is a sectional view showing the optical semi-
conductor device taken along a line IV—1V in FIG. 1;

FIG. 5 is a plan view showing an optical semiconduc-
tor device according to a second embodiment of a pres-
ent invention; |

FIG. 6 is a sectional view showing an optical semi-
conductor device according to a third embodlment of
the present invention;

FIGS. 7 and 8 are sectional views showing an optical

10

~ semiconductor device according to a fourth embodi- |

ment of the present invention; and
FIG. 9 is a sectional view showing a conventional

optical semiconductor device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be de-
scribed below with reference to the accompanying
drawings.

Note that the same reference numerals denote the
same parts in all drawings. |

The first embodiment will be described below with

reference to FIGS. 1t0 4. FIG. 1is a plan view showing
an integrated optical semiconductor device. In the inte-
grated optical semiconductor device, a stripe-shaped
semiconductor laser i1s provided under a p-side elec-
trode 1, and a current blocking layer having a contact
layer 2 is provided at both sides of the semiconductor
laser. The electrode 1 has a projected portion used for
bonding. The width of the electrode 1s about 10 um to
30 um. This width can also be set to be about 200 um to
300 um. A phototransistor (photodetector) is provided
so as to be opposed to the stripe-shaped semiconductor
laser and the current blocking layer through a groove
17. In FIG. 1, an n-side electrode 16 of the phototransis-
‘tor and a contact layer 11 of the n-side electrode 16 are
‘shown. FIG. 2 shows a sectional view taken along a line
- II—1I of FI1G. 1. The semiconductor laser provided on
one major surface of a semiconductor substrate 6 in-
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cludes an active layer 8, a clad layer 9, and a contact

layer 10 'su_ccessively diSposed from the lower portion,
and the electrode 1 is in contact with the contact layer
10. On the contrary, the phototransistor includes a p-
~ type InP layer 14, a light absorption layer 13, an n-type
- InP layer 12, the contact layer 11, and the electrode 16
“successively located from the lower portion. A com-

mon electrode 7 for the semiconductor laser and the
phototransistor is provided on the other major surface
of the semiconductor substrate 6. The distance between
thé electrode 7 and the electrode 1, i.e., the thickness of
the optical semiconductor device, is about 100 um. The
thickness of the semiconductor laser provided on the
semiconductor substrate 6 is about 4 to 5 um, and the
thickness of the phototransistor is 5 to 6 um. The thick-
ness of the active layer 8 of the semiconductor laser i1s
~about 0.1 um, and the thickness of the light absorption
layer 13 of the phototransistor is about 2 to 3 um in the
- embodiment. Since the common electrode 7 is formed
on the substrate 6, the manufacturing steps of the optical
semiconductor device become easy as compared with
~ those of the conventional optical semiconductor device
in which electrodes are separately provided to every
elements. The current blocking layer and the photode-
tector in the first embodiment are provided by a multi-
layer semiconductor film having the same structure,
and the multilayer semiconductor film has a p-1-n struc-
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ture. This structure does not include the contact layer of
the electrode.
F1G. 3 shows a sectional view taken a line II1—III of

FIG. 1. The current blocking layer consists of the same
multilayer semiconductor film as to that of the photo-
transistor, and the current blocking layer has a high-

resistance i-type InGaAsP layer 4. Although a light
component spontaneously emitted from the active layer

leaks to the blocking layer, the amount of the light

component is very small, and the light component is
reflected by the.p type InP layer of the current blocking

layer. For this reason, the absorption of the light com-

ponent in the i- type layer can be neglected. The current
blocking layer is provided by a multilayer film that
includes a p-type InP layer 5, the i-type inGaAsP layer
4, an n-type InP layer 3, and the n-type InGaAsP

contact layer 2. On the contrary, the semiconductor

laser is provided by the nondoped InGaAsP active
layer 8, the p-type InP clad layer 9, and the p-type
InGaAsP contact layer 10 on which the Au-Zn elec-
trode 1 is provided. The width of the active layer 8 1s 1

" to 1.5 pm, and the width of the electrode is 20 to 30 um.

FIG. 4 shows a sectional view taken along a line

IV—IV of FIG. 1. The phototransistor is obtained by

forming the p-type InP layer 14, the i-type InGaAsP
light absorption layer 13, the n-type InP layer 12, and

‘the n-type InGaAsP contact layer 11 on the n-type InP

substrate 6 having the n-side electrode 7, and the elec-
trode 16 is formed on the contact layer 11. The semi- -
conductor laser is separated from the phototransistor by
the groove 17 formed by dry etching such as RIE. Since

the optical semiconductor device including the semi-

conductor laser described above can be formed by the
same process as that of a conventional buried semicon-
ductor laser, it can be mass-produced. In addition, since

the phototransistor has the photosensitivity of several
‘tens to several hundreds times as compared to a photo-

diode, functions of monitoring and controlling the semi-
conductor laser can be greatly improved. The elec-
trodes. can be formed by a simple process, and the de-
vice structure is not complicated, thereby improving
workability of wire bonding and the hke.

A method of making the optical semiconductor de-
vice will be described below. The n-type InP substrate
6 is used as a semiconductor substrate. The nondoped
InGaAsP active layer 8, the p-type clad layer 9, and the
p-type InGaAs contact layer 10 are sequentially grown

~on the entire surface of the n-type InP substrate 6 to

provide a multilayer film. Thereafter, an insulating film
(not shown) such as an SiQ; film and an Si3N4 film 1s
formed on the surface of the multilayer film. In this
case, the surface of the multilayer film is covered with
the insulating film in such a manner that the width of the
active layer 8 of the semiconductor laser becomes about
1 to 1.5 um. Thereafter, the multilayer film, which is
not covered with the insulating film, 1s selectively
etched by chemical etching to provide the stripe-shaped
semiconductor laser. At this time, since the surface of
the substrate is also etched, the thickness of the periph-
eral portion thereof is decreased. Thereafter, the p-type

InP layer, the i-type InGaAsP layer, the n-type InP

layer, and the n-type InGaAsp layer are sequentially
grown on the chemically etched substrate surface to
provide the current blocking layer and the phototransis-
tor. The groove 17 is formed by dry etching such as
RIE to separate the current blocking layer from the
phototransistor. By the above steps, the current block-

ing layer, consisting of the p-type InP layer §, the i-type
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InGaAsP layer 4, the n-type InP layer 3 and the n-type

InGaAsP layer 2, and the phototransistor, consisting of

the p-type InP layer 14, the i-type InGaAsP layer 13,
the n-type InP layer 12 and the n-type InGaAs layer 11,
are provided at the same time. After the insulating film
is removed from the semiconductor laser, the electrode
1 consisting of e.g., Au-Zn is formed on the p-type
InGaAsP contact layer 10 of the semiconductor laser
by electron beam evaporation techniques or sputtering
) tcchniqu'es, and the electrode 16 consisting of, e.g.,
Au-Ge, is formed on the n-type InGaAsP contact layer

10

11 by the sputterlng Fmally, the electrode 7 consisting

of, e.g., Au-Ge, is formed on the Opposne surface of the
substrate.

In the first embodiment, the InP semiconductor sub-
strate is employed, and the InGaAsP semiconductor is
used for the i-type layer. However, the present inven-
tion is not limited to these materials. For example, a
GaAs semiconductor substrate can be used. In this case,
GaAtAs, InGaAP, or GaAtP semiconductors

“used as the i-type layer.

can be

6

light within this range. Therefore, the light reception
sensitivity of the phototransistor can be increased to ten
times that of a conventional phototransistor. In addi-
tion, generation of a dark current can be reduced by

- rendering an upper limit to the band gap energy. In the

first embodiment, although the wavelength is given by
1.3 pm, 1.55 pm or other wavelength values may be
used.

In addition, although a reverse bias voltage is applied

to the phototransistor, a dark current of, e.g., several
1A, is generated by a leakage current even if no optical

signal is applied, thereby reducing the S/N ratio. In the

~ first embodiment, the leakage current at the end surface
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In general, oscillation light emitted from a semicon- -

ductor laser has an energy somewhat lower than that of
‘the band gap energy. When the light absorption layer 13-

“for receiving the light is composed of a composition of
InxGaj.xAs,P).,, the band gap can be easily changed by
- varying the composition ratio. Therefore, when the
- composition ratio y of the light absorption layer 13 1s
controlled within a range of 0 to 1 to have an energy
gap lower than that of the active layer 8 of the semicon-
ductor laser, the absorption sensitivity of the phototran-
sistor can be increased. In order to obtain the light
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absorption layer 13 having a band gap energy lower -

than that of the oscillation light emitted from the semi-
conductor laser, the composition ratio y of the light
absorption layer 13 may be made hlgher than that of the
active layer 8. In this embodiment, since the oscillation
wavelength is 1.3 um, the composition ratio y of the
light absorption layer is controlled within a range of
0.55 to 0.8. As the composition ratio y is increased, the
absorption coefficient is increased, but a degree of the
light absorption layer 13 which contributes to a photo-
current is decreased due to an increase 1n absorption and
recombination at the end surface of the light absorption
layer 13 of the phototransistor. Therefore, the composi-
tion ratio y of the light absorption layer 13 1s given by
0.8 or less so that a light transmission length becomes
about 50 um to 500 pm. In addition, since the light
absorption layer 13 must have a high resistance so that
a sufficient electric field is applied thereto, the carrier
concentration of the light absorption layer 13 is con-
" trolled to about 2 1016 cm—3 or less. The light absorp-
" tion layer 13 has a light detection surface for receiving

335
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of the phototransistor is comparatively large. There-

fore, in order to decrease the applied voltage in the end
surface, one edge of the n-side electrode 16 is spaced
apart from one edge of the phototransistor to satisfy a
condition of t3Z¢1. That is, as shown in FIG. 1, the
distance 3 between the edge of the phototransistor and
the edge of the n-side electrode 16 is longer than the
distance ¢ between the other edge of the phototransis-
tor opposed to the groove 17 and the other edge of the
n side electrode 16. This arrangement is provided be-

‘cause the amount of light absorption is increased at the
‘end surface of the phototransistor opposed to the ¢ side.
Therefore, a dark current generated by the phototran-

sistor can be greatly decreased to, e.g., about several
tens nA or less.

The second embodiment of the present invention will
be described below with reference to FIG. 8. The figure
is a plan view showing an optical semiconductor de-
vice. A stripe-shaped active layer of a semiconductor
laser for generating a laser beam is provided under the
electrode 1 in parallel therewith. Therefore, the laser
beam is emitted in the direction of a photodetector
along an optical axis (shown in FIG. §) that is in parallel
with the electrode 1. However, when the laser beam is
perpendicularly incident to the photodetector, 1.e.,
when the optical axis i1s perpendicular to the photode-
tector, the incident laser beam is reflected to increase
the reflection rate returned to the laser active layer.
Therefore, in order to reduce the return luminous en-

“ergy, the laser beam is inclined at w degrees in the em-

- bodiment. The most efficient angle ¢ for minimizing the

45
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- light from the semiconductor laser, and the light detec-

tion surface is opposed to the active layer of the semi-
conductor laser, i.e., the i-type layer 8, through the
groove 17. A thickness H of thé light absorption layer
13 depends on the radiation angle of laser beam and the
width of the groove 17, and the thickness H can be
expressed by H=Ltan(8/2). In this case, L represents
the width of the groove 17, and @ represents a radiation
angle when the intensity of the oscillation light emitted
from the semiconductor laser i1s a half value. Since
about 60 to 70% of light emitted from the active layer 8
can be received by the light detection surface at a radia-
tion angle of about =40 degrees, the thickness of the
light absorption layer 13 is preferably given by about
0.1 to 5.0 um if the light detection surface receives the
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return luminous energy i1s about 5 to 20 degrees.

The third embodiment of the present invention will
be described below with reference to FIG. 6. A semi-
conductor laser of the embodiment has the same struc-
ture as that of the first embodiment (FIG. 2). A photo-
detector of the third embodiment has an n-1-p-n struc-

ture, unlike the photodetector of the first embodiment.
The multilayer semiconductor film of the n-1-p-n struc-

ture consists of an i-type InGaAsP light absorption
layer 13, a p-type InP layer 14, an n-type InP layer 12,
and an n-type InGaAsP contact layer 11, on which an
electrode 16 is provided. The structure is the same as
that of the current blocking layer shown in the first and
second embodiments. An active layer 8 is opposed to
the light absorption layer 13 through a groove 17, and
the light absorption efficiency of the light absorption
layer 13 is equal to those of the first and second embodi-
ments.

The fourth embodiment of the present invention will
be described below with reference to FIGS. 7 and 8.
The structures of semiconductor lasers in FIGS. 7and 8
are the same as that of the first embodiment (FIG. 2). A
photodetector in FIG. 7 has an n-1-p structure unlike the
photodetector in FIG. 2. The multilayer semiconductor
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film of the n-i-p structure consists of an 1-type InGaAsP
light absorption layer 13, a p-type InP layer 14, and a
p-type InGaAsP contact layer 11 on which an electrode
16 is provided. The structure is the same as that of the
current blocking layer shown in the first, second and
third embodiments. An active layer 8 is opposed to the
light absorption layer 13 through a groove 17, and the
light absorption efficiency of the light absorption layer
13 is equal to those of the first, second, and third em-
bodiments. In the fourth embodiment, since a voltage 1s
applied to the photodetecor in a forward direction, a
current flows easily. However, since the i-type layer has
. a high resistance, it may be preferable to apply a low
voltage to the photodector. A structure in FIG. 8 is
almost the same as that of FIG. 7. That is, a photodetec-
tor in FIG. 8 has an n-i-n structure. The multilayer
semiconductor film of the n-i-n structure consists of an
i-type InGaAsP light absorption layer 13, an n-type InP
layer 12, and an n-type InGaAsP contact layer 11, and
an electrode 16 is provided on the contact layer. This

structure is the same as that of the current blocking

layer shown in the first, second and third embodiments.

'As described above, in the optical semiconductor
device according to the present invention, since the
photodetector having the same structure as that of cur-
rent blocking layer is provided on the same substrate, it
1S not necessary to use a complicated manufacturing
process, and the light absorbing efficiency of the photo-
detector can be greatly improved. In addition, since the
semiconductor laser and the photodetector can be si-
multaneously formed on the substrate, the optical semi-
conductor device can be excellently manufactured.

It is further understood by those skilled in the art that
the foregoing description is only of the preferred em-
bodiments and that various changes and modifications
may be made in the invention without departing from
the spirit and scope thereof.

What 1s claimed 1s:

1. An optical semiconductor device comprising:

a semiconductor substrate;

a semiconductor laser, provided on said semiconduc-

tor substrate, including an active layer and an emit-
ting end surface;

a current blocking layer provided on said semicon-
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ductor substrate so as to be disposed at longitudinal

sides of said semiconductor laser;
a photodetector, provided on said semiconductor
substrate, including a light detection surface and a
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light absorption layer thicker than said active layer;
and

a groove provided between said semiconductor laser

and said photodetector to optically couple said
emitting end surface with said light detection sur-
face.

2. The optical semiconductor device according to
claim 1, wherein said photodetector has the same thick-
ness and composition as that of said current blocking
layer.

3.. The optical semiconductor device according to
claim 1, wherein said emitting end surface 1s opposed to
said light detection surface within said groove.

4. The optical semiconductor device according to
claim 1, wherein said active layer is opposed to said
light absorption layer.

5. The optical semiconductor device according to
claim 1, wherein said groove reaches said semiconduc-
tor substrate.

6. The optical semiconductor device according to
claim 1, wherein a first positive electrode is provided on
said semiconductor laser, while a second positive elec-
trode is disposed on said photodetector.

7. The optical semiconductor device according to
claim 1, wherein a negative electrode is provided on
said semiconductor substrate as a common electrode.

8. The optical semiconductor device according to
claim 1, wherein a thickness of said light absorption
layer is determined by a width of said groove and a
radiation angle of a laser beam emitted from said semi-
conductor laser.

9. The optical semiconductor device according to
claim 6, wherein said first positive electrode and said
second positive electrode are arranged such that a cen-
ter line of said first and second positive electrodes cor-
responds to an optical axis.

10. The optical semiconductor device according to
claim 6, wherein a first distance between said light de-
tection surface and one side of said second positive
electrode is shorter than a second distance between an
end surface of said photodetector and an opposite side
of said second positive electrode.

11. The optical semiconductor device according to
claim 1, wherein said light detection surface of said
photodetector is inclined at an angle of 5 to 20 degrees
with respect to said emitting end surface.

12. The optical semiconductor device according to
claim 1, wherein said current blocking layer and said
photodetector have a structure selected from n-p-i-n,

n-i-p-n, n-i-p and n-i-n structures, respectively.
¥ % % %k %
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